Objective: to describe the prevalence coefficients and characterize cases of microcephaly at birth in Brazil from 2000-2015. Methods: this is a descriptive study with data from the Information System on Live Births (Sinasc). The coefficients were calculated by region and characteristics of mothers and live births (LB). Results: the annual average number of microcephaly cases was 164 for the period 2000-2014, whilst in 2015, 1,608 cases were registered (54.6 cases per 100 thousand LB). Higher coefficients were observed among preterm babies (81.7; 95%CI 72.3;92.2), born from black-skinned (70.9; 95%CI 58.5;85.9) or to brown-skinned (71.5; 95%CI67.4;75.8) women, to women aged ≤19 (70.3; 95%CI 63.5;77.8) or ≥40 (62.1; 95%CI 46.6;82.6), with ≤3 years of study (73.4; 95%CI 58.2;92.4) and residents in the Northeast region (138.7; 95%CI 130.9;147.0). Conclusion: the high number of microcephaly cases in 2015 reinforces the importance of Sinasc and the need to improve the surveillance of congenital anomalies.
Introduction
The congenital anomalies, including microcephaly, have a complex and multifactorial etiology, and can be caused by chromosomal anomalies, exposure to environmental teratogens, metabolic disorders, and also by maternal diseases during pregnancy. They can be primary, if they are present at birth, or secondary, if they are developed after birth. The primary microcephaly is characterized by the head circumference two standard deviations (SD) below the average specific for the sex and gestational age. Although being a practical definition, defining microcephaly from the head circumference may lead to the inclusion of brains with normal development. 1, 2 In Brazil, data on live births are collected at birth, by issuing the Certificate of Live Birth and recording the information on the Information System on Live Births (Sinasc) of the Ministry of Health. Sinasc's coverage and data quality have been improved since its implementation, in 1990. 3, 4 For the years of 2010 and 2013, the coverage was estimated in 95% and 96%, respectively. 5, 6 The information recorded on this system is essential to planning and assessing the actions in health directed to pregnant women, to childbirth and to the newborn. 7 All the congenital anomalies diagnosed by the doctor must be described in the Certificate of Live Birth, without any hierarchy or assumptions to group them into syndromes, and there is no need to codify them. 10 The better the description is, the better will be the codification and information production work, which is highly useful to health surveillance for monitoring the frequency and time trends of different types of anomalies. The information generated also helps on the identification of elements that are part of the causal chain of the congenital anomalies and on the assessment of the primary prevention efforts during prenatal care, and also on pre-conception care. 8, 9, 10 On Sinasc, primary microcephaly is defined by the head circumference below 3 SD of the development curves for the given gestational age and sex. 2, 10, 11 This definition corresponds to a head circumference from 28.85 to 30.99cm for female live births (gestational age from 259 to 293 days, or approximately 37 to 41 weeks) and from 29.12 to 31.52cm for male live births at term birth. 12 In Brazil, in the period 2000-2014, the number of live births with microcephaly presented stability. However, from October 2015, an unexpected raise in the number of cases was observed, mainly in Pernambuco State, which is located in the Northeast region of the country. 13, 14 Later, on February 1, 2016, the International Health Regulations Emergency Committee declared that the amount of microcephaly cases and other neurological disorders reported in Brazil, after the occurrence of a similar case in French Polynesia in 2014, constituted a Public Health Emergency of International Concern (PHEIC), due to the probable association to Zika virus. 15 This situation motivated the conduction of this study, which aims to describe the prevalence rates and characterize cases of microcephaly at birth in Brazil, in the period 2000-2015.
Methods
This descriptive study used secondary data from Sinasc, concerning the period from 2000 to 2015. Data from 2015, updated on February 12, 2016, were still preliminary when this study was conducted.
Sinasc is fed by data collected through the Certificate of Live Birth, in which there is a field to describe congenital anomalies -simple or multiple -identified at the childbirth. Sinasc's records which were included in this study belonged to live births with microcephaly in combination or not with other(s) congenital anomaly(ies).
These anomalies are identified according to the following codes of the 10th Revision of the International Statistical Classification of Diseases and Related Health Problems -ICD-10 16 : congenital malformations of the nervous system, (Q00 to Q07 -Q02 refers to microcephaly); congenital malformations of eye, ear, face and neck (Q10 to Q18); congenital malformations of the circulatory system (Q20 to Q28); congenital malformations of the respiratory system (Q30 to Q34); cleft lip and cleft palate (Q35 to Q37); other congenital malformations of the digestive system (Q38 to Q45); congenital malformations of genital organs (Q50 a Q56); congenital malformations of the urinary system (Q60 to In Brazil, in the period 2000-2014, the number of live births with microcephaly presented stability. However, from October 2015, an unexpected raise in the number of cases was observed. Q64); congenital malformations and deformations of the musculoskeletal system (Q65 to Q79); other congenital malformations (Q80 to Q89); chromosomal anomalies not elsewhere classified (Q90 to Q99); haemangioma and lymphangioma of any site (D18).
The cases of microcephaly at birth, in 2015, were described according to the following groups of variables: (i) mother's geographic place of residence: state, region (North, Northeast, Southeast, South, Midwest) and population size of the municipality (<20 thousand inhabitants; 20 to 50 thousand; >50 to 100 thousand; >100 to 500 thousand; >500 thousand); (ii) mother ' For the period from 2000 to 2015, annual coefficients of microcephaly prevalence were estimated for Brazil and regions, and the time series were described. The numerator and denominator of the prevalence coefficient of microcephaly at birth (per 100 thousand live births) were, respectively, the number of live births with microcephaly and the total of live births, according to the categories of the aforementioned variables. Prevalence ratios (PR) and 95% confidence intervals (95%CI) were calculated. The reference category to calculate the PR was the one with the lowest prevalence coefficient. The category of ignored values was excluded from all the variables due to its small frequency and was presented in the table's foot.
The analyses were performed with the statistics packages IBM SPSS, Statistical Analysis System (SAS), Tableau Public and OpenEpi. In accordance with the ethics in research, the databases analyzed in this study did not include any variable that allowed the identification of the individuals involved -such as name, mother's name and address. Therefore, it was not necessary to submit this study to the Ethics Research Committee.
Results
In the period from 2000 to 2014, 2,464 live births with microcephaly were registered in Brazil, with an annual average of 164 (standard deviation = 15). In 2015, the number of cases increased in 9 times in relation to the average, with a total of 1,608 cases. In 2015, 71% of the live births with microcephaly (n=1,142) were born to mothers resident in the Northeast region (Table  1 ). This time-space concentration also reflected in the prevalence rate of microcephaly at birth for the year of 2015 (Figures 1A, 1B and 1C).
The time evolution of the prevalence rate of microcephaly in Brazil, according to month of birth, showed a growth that started in October 2015 ( Figure 1B) . In that year, most of the prevalence rates of microcephaly at birth were observed in the following states of the Northeast: Pernambuco, Sergipe and Paraíba ( Figure 1C ). For the month of August, a slight growth on the prevalence rate was observed among live births to mothers resident in Mato Grosso State (data not presented).
In 2015, the prevalence coefficient of microcephaly at birth in Brazil was of 54.6 cases per 100 thousand live births. The region with the highest rate was the Northeast (139 cases per 100 thousand LB), which corresponds to 28 times the average of the prevalence for this region in the period from 2000 to 2014 (5.0 cases per 100 thousand LB). The second highest prevalence coefficient was observed in the Midwest (31.0 cases per 100 thousand LB), almost five times smaller than the one found in the Northeast (Table 2) .
According to the population size of the mother's municipality of residence, the prevalence coefficients of microcephaly at birth were similar among the municipalities with up to 500 thousand inhabitants. However, a higher coefficient was observed in municipalities with over 500 thousand inhabitants (Table 2 ). This comparison used as reference the population size category of 100 to 500 thousand inhabitants.
With regard to maternal sociodemographic characteristics (Table 2) , the prevalence coefficient of microcephaly at birth was higher among children to mothers aged up to 24 or over 40 years old, without higher education (less than 11 years of schooling), with black or brown skin color and who self-declared single or in cohabitation. A decreasing trend of the prevalence of microcephaly at birth was observed as the mother's education level increased.
Mothers with up to 3 years of schooling presented a prevalence ratio 2.4 times comparing to mothers with 12 years or over of schooling. Most of the mothers to children with microcephaly at birth did not have higher education (87%), and there was a predominance of 8 to 11 years of schooling for all age groups. Concerning prenatal care, 71% of the mothers to live births with microcephaly attended six or more appointments and 68% started the prenatal care in the first trimester of pregnancy. The prevalence ratio of microcephaly at birth was 2.6 times among mothers who did not attend prenatal care when comparing to those who attended six or more appointments. The prevalence coefficient of microcephaly was lower among mothers with a higher number of prenatal care appointments. With regard to childbirth, 99% were performed in health care facilities and 57% were vaginal (Table 3) .
When the information on the live births is analyzed, a prevalence of the following characteristics could be observed: at term births (76%), adequate birth weight (63%) and Apgar score 8 to 10 in the 1st (76%) and 5th (89%) minutes after birth (Table 4) .
The highest prevalence coefficient of microcephaly (81.7 per 100 thousand) was observed among preterm live births, corresponding to 1.82 times the observed among babies born between 39 and 41 weeks (44.8 per 100 thousand). A decreasing trend was observed in the prevalence of microcephaly as the gestational age increased up to the 41 st week. Then, there was a growth in the rate among the postterm live births (72.8 per 100 thousand) (Table 4) .
With regard to Apgar score, we can highlight the high prevalence coefficients of microcephaly among those with Apgar score <4 (258.9 per 100 thousand in the 1 st minute and 598.5 per 100 thousand in the 5 th minute after birth), and the prevalence ratios were of 5.35 and 11.78, respectively, when comparing to live births with Apgar score between 8 and 10 ( Table 4) .
A predominance of female live births with microcephaly was observed ( Table 4 ). The prevalence rate (65.0 per 100 thousand) was higher than the prevalence for the male sex (43.8 per 100 thousand).
The prevalence of microcephaly in the group of low birth weight (235.1 per 100 thousand) was higher than in the group with adequate birth weight, whose prevalence ratio was of 6.22 (Table 4) . Among the infants with microcephaly and low birth weight, 65% were born at term.
Among the live births with microcephaly, 456 multiple anomalies were registered in 259 infants. The organs/ systems more frequently involved were: musculoskeletal (41% n=49/456), nervous (12% n=55/456), eye, ear, face and neck (11%; n=49/456) (data not presented).
Discussion
In this study, the unexpected increase of the prevalence coefficient of live births with microcephaly stands out, mainly in the Brazilian Northeast region, after October 2015. This growth has been associated to the probable intrauterine exposition to Zika virus. 14, 17 The prevalence coefficients of microcephaly were higher among live births to mothers with the following characteristics: age up to 24 or over 40 years old, black or brown-skinned, with no higher education, residents in the Northeast region of the country, and who selfdeclared single or in cohabitation. Although the variable "income" has not been included in the present study, because it is not present on Sinasc, these results gather proxy variables that can lead to the conclusion that most mothers of newborns with microcephaly cases belong to an unfavorable socioeconomic context. Gross et al. 18 also described the association between microcephaly and low socioeconomic level. Moreover, according to the Brazilian Institute of Geography and Statistics (IBGE), 19 the average monthly income of individuals aged 14 or over in the Northeast region was the lowest amongst Brazilian regions, and corresponded to 67% of the country's average in 2015.
According to the 2010 demographic census, the population of the Northeast region is essentially composed by dark-skinned individuals (69.2%), being 59.8% brown and 9.4% black. 20 Taking into consideration that most cases were concentrated in that region, the population characteristics according to ethnicity/skin color can, partly, explain the fact that the highest prevalence coefficients of microcephaly at birth, in Northeast, have been observed to dark-skinned women's children. In this study, the highest prevalence coefficients of microcephaly in Brazil were observed, in 2015, in the following states of the Northeast region: Pernambuco, Paraíba and Sergipe. In another study, conducted in Brazil, the states of Pernambuco, Paraíba and Bahia were described with higher growth of cases in 2015, compared to their respective annual averages for the period from 2000 to 2014.
14 The different approaches of these studies to measure the frequency of this disease, probably contributed to the differences observed.
A higher prevalence of microcephaly at birth was observed in municipalities with over 500 thousand inhabitants, which can be partly explained to the 
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fact that the demographic density of populous municipalities favors the transmission of vector-borne diseases. 21, 22, 23 Besides that, those municipalities usually have better structure and management of health services and, thus, are more likely to detect and notify microcephaly cases when comparing to smaller-population municipalities. 9, 10 The highest prevalence coefficients of microcephaly were observed among live births with unsatisfactory general conditions: preterm, with low birth weight and Apgar score <4 in the 1st and 5th minutes after birth. Similar results were found by Gross et al., 18 who described the association between microcephaly at birth, the intrauterine growth retardation, the low Apgar score and the low socioeconomic level. In a study with Korean children, the authors observed an association between congenital malformations, high proportion of low birth weight, preterm birth, multiple births and advanced maternal age. 24 In a cohort study conducted in the South of Brazil, the maternal age between 16 and 19 years old was associated to higher risk of low birth weight and preterm birth. However, this higher risk among adolescent mothers would be better explained due to their socioeconomic conditions, rather than their biological features. 25 In Brazil, due to the microcephaly outbreak and to the possible association with the virus Zika, 11, 14, 26 there was a high appeal for health professionals concerning epidemiological surveillance of suspect cases, which contributed to improve notification on Sinasc.
Although Sinasc does not present information on the head circumference (HC), the case definition for microcephaly adopted by the Ministry of Health for this system asks for the notification of live births with HC equal or lower than three standard deviations under the average for age and sex. 10 Therefore, the absence of HC record does not allow the information on microcephaly to be validated, as well as the criterion used for notification. Nevertheless, the criterion used on Sinasc is more specific than the surveillance system for microcephaly and/or changes in the central nervous system that suggest congenital infection, implemented by the Ministry of Health. 11 In this system, the definition of suspect case initially included live births at term for both sexes with HC equal or smaller than 33cm and, later, equal or smaller than 32cm.
11 After March 13, 2016 the new definition of suspect case included at term live births with HC inferior to 31.5 and 31.9cm for female and male babies, respectively. 11 It is important to highlight that the data analyzed in this study is previous to this most recent definition.
Concerning emergency public health situation, the simultaneity of case definitions of microcephaly used on Sinasc and surveillance, besides the change occurred throughout time of suspect case definition for the surveillance may have contributed for the superestimation of cases on Sinasc. In this context, the possibilities of cases notification to Sinasc from the HC adopted for surveillance and false-positive diagnoses due to the high sensibility of the definition of suspect cases stand out. 13, 28, 29 These facts may also explain the isolated raise in the prevalence observed in August, among live births to mothers residents in Mato Grosso (results not presented).
During the data collection for this study, the measures of HC adopted by the surveillance system were the same for both sexes, which can partly explain the highest prevalence of cases among female babies, as described in our results.
Owing to the public health emergency situation, a priority in data entry (typing) of microcephaly cases on Sinasc over newborns with normal head circunpherence may have occurred. This situation may have contributed to the overestimation of the number of microcephaly cases on Sinasc in 2015.
This study presents univariate analysis, not considering the multiple relations between variables and confounding possibility. However, it contributes to the knowledge and discussion on microcephaly at birth in Brazil, which was characterized as a Public Health Emergency of International Concern (PHEIC) in 2015. 15 This phenomenon has been widely studied due to its complexity, in order to obtain more scientific evidence about its etiology. A revision study concluded that there is a causal association between intrauterine exposition to Zika virus and microcephaly at birth, although there are still some questions to be explored. 30 Given the facts, we suggest a review in the form of the Certificate of Live Birth to include the register of HC and other anthropometric measurements that are already conducted but do not have a field to be recorded in the current model of the form. Another important measure would be the development of a surveillance model for all congenital anomalies that included, among other actions, the improvement on case definitions, the creation of a list with priority anomalies for epidemiological investigation, as well as the training and tools of the necessary resources. Furthermore, some coordinated actions between the surveillance services and health care need to be strengthened, in order to prevent new cases and for health promotion, and also for the children with microcephaly and their families follow up.
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